ABSTRACT
EXP 1 EXP2 EXP3 0 EXP1 EXP2 EXP3 276 Vol. 7 February 1993 The FASEB Journal FREY Cain addressed the question of mechanisms for em fields and carcinogenesis. He noted that the effects of em fields on biological systems are consistent with the concept that the cell
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Figure 4. 60 Hz em field exposures and TPA co-promoted focus formation. A) foci were counted using video analysis software for cocultures with TPA, 50 ng/ml. B) from the same video analysis data set, the total area of foci per dish was calculated.
C) the total optical density of stained foci was calculated.
For cocultures with TPA: in experiment i, n was 10 (sham) and 13 (field); in experiment 2, n was 10 (sham) and 11 (field); in experiment 3, n was 19 (sham) and 16 (field). The mean values ± SEM for TPA-treated cocultures are depicted for A-C. **Indicates P < 0.001 and * indicates P < 0.05 using the I test. The initial study, conducted 4 h after the onset of darkness, showed that NAT was depressed by approximately 30% after exposure to a repeatedly (at 1 mm intervals) inverted magnetic field. In a subsequent study, the fields were inverted either "instantaneously" by means of a relay switch, or more slowly by using an integrating potentiometer.
Only when the fields were instantaneously inverted were both NAT and melatonin levels depressed.
He noted that rapid inversions of magnetic fields have all been used to study the effect of emf exposure.
He noted that em field exposure has been shown to affect electroencephalograms, electrocardiograms, and magnetoencephalograms in humans. Such exposure also changed the concentration of neurotransmitters in both human and animal studies (19, 20) . Wilson noted that a striking aspect of the effect of em fields on the pineal is a reduction or phase shifting of the nightly rise in melatonin.
He said it has been implicated as a possi- In the first he asked if the cell membrane, specifically the calcium ion channel, is directly involved in em field interactions.
He considered this important because receptor sites and ion channels are located in the cell membrane and these are the first structures involved in the signal transduction process. In the second he asked whether alterations in calcium ion flux are propagated down the signal He then presented data suggesting that the production of other cytokines is also effected by pulsed fields. When PBMC from healthy donors were exposed to the fields, he reported a dramatic increase in the production of IL-lb and IL-6 compared with unexposed controls, as shown in Table   2 and ) over the past few years, taken as a whole, indicate significant emf/mf-induced changes in blastogenesis, in DNA and RNA synthesis, and in release of interleukins and calcium ions. He said several major factors have been identified as important for the successful induction of significant biological changes in immune cells by emf/mf exposure. These include the duration, type, strength, frequency, and modulation of the exposure as well as the type, source, and concentration of the challenge mitogen. Other factors that have been found to be of consequence are the sequence of the mitogen challenge relative to emf/mf exposure.
Additional influential factors relating only to the source of the immune target cells, he reported, include the species of the donor of the immune cells, the age of' the immune cell donor, and the health status of the immune cell donor (24).
Conclusions
The foregoingisa brief summary of the research reported at the Symposia organizedby the International SocietyforBioelectricity and presented at the 1992 FASEB Meeting. As may be seen, recent research with weak electromagnetic fields is yielding new insights into biological processes. Clearly, the use of electromagnetic fields as a probe provides new means to understand basic biological processes at many levels of biological investigation.
There are also significant implications for therapy. It is also quite clear that the toxicology model used by investigators in earlier years was not the appropriate model on which to design experiments, It was assumed that electromagnetic fields are a foreign substance to living organisms, like lead or cyanide. With foreign substances in a toxicology model, the greater the dose, the greater the effect-a dose-response relationship.
Thus, experiments tended to be designed with high doses and with little regard for other parameters such as modulation and frequency. This is one reason why those earlier studies yielded so little useful information.
As noted in the introduction, electromagnetic fieldsare not a foreign substance.
Living organisms are electrochemicalsystems thatuse emfs in everythingfrom proteinfolding through cellular communication to nervous system function. A more appropriate model of how living organisms can be expected to respond to em fieldswould be to compare them to a radio receiver.
An electromagnetic signal a radio detects (letus callit signal x) and transduces into the sound of music is almost unmeasurably weak. Yet the radio is immersed in a sea of em signals from power lines, radio stations, TV stations, radars, etc. The radio doesn't notice the sea of signals because they are not the appropriate frequency or modulation. Thus, they don't disturb the music we hear. If we expose the radio to an appropriately tuned em signal or harmonic, however, even if it is very weak compared to signal x, it will interfere with the music. Similarly, if we expose a living system to a very weak em signal, if the signal is appropriately "tuned," it could facilitate or interfere with normal function (25). This is the model that much biological data and theory tell us to use, not a toxicology model.
And this is the model that is now starting to be used so fruitfully.
